Abstract. Nano-kaoline/BF3/Fe3O4 as an eco-friendly nanocatalyst was used for quinoxaline preparation via condensation of 1,2-phenylene diamines and 1,2-diketones. This simple protocol proceeds under grinding condition and has many advantages such as easy workup and high product yields.
Introduction
Quinoxalines (benzopyrazines) as an important class of heterocyclic compounds have interesting properties such as low melting point and water misciblility [1] . These compounds have been applied in electron luminescent materials [2] , uorescent dyes [3] , chemically controllable switches [4] , organic semiconductors [5] , building blocks for the synthesis of anion receptor [6] , dehydroannulenes [7] , and DNA cleaving agents [8] . Quinoxalines play an important role in the design of a number of antibiotics such as echinomycin [9] , actinomycin [10] , and levomycin [10] . These compounds inhibit the growth of gram-positive bacteria and are active against various transplantable tumors [9, 10] . In addition, quinoxalines have biological activities such as antiviral [11] , anticancer [12] , antibacterial [13] , antifungal [14] , antidepressant [15] , anti-HIV [16] , and anti-in ammatory [17] . The best reported method without any additional puri cation. Melting points were determined by a Buchi melting point B-540 B.V.CHI apparatus. FT-IR spectra were run on a Bruker, Equinox 55 spectrometer. A Bruker (DRX-400 Avance) NMR was used to record the 1 H-NMR and 13 C-NMR spectra. X-Ray Di raction (XRD) spectrum was obtained by a Philips Xpert MPD di ractometer equipped with a Cu Ka anode ( = 1:5418 A) in the 2 range from 5 to 80 . Energy-Dispersive X-ray Spectroscopy (EDS) of kaoline/BF 3 
General procedure for synthesis of quinoxalines
A mixture of benzil (1mmol), 1,2-phenylendiamines (1 mmol), and nano-kaoline/BF 3 /Fe 3 O 4 (0.03 g) was grinded at room temperature. The progress of the reacion was monitored by TLC. After completion of the reaction, the mixture was dissolved in hot ethanol and the catalyst was separated by an external magnet. After cooling the residue mixture, the crystalline products appeared.
Preparation of nano-kaoline/BF 3
In a well-ventilated system, BF 3 (10 mL) was added dropwise to the mixture of nano-kaoline (10 g) in dichloromethane. The mixture was stirred for one hour at room temperature. The resulting suspension was ltered, washed with dichloromethane, and dried at room temperature. 
Results and discussion
Nano-kaoline/BF 3 /Fe 3 O 4 was synthesized via two-step To determine the magnetic property of nanocatalyst, magnetic measurements were carried out using a Vibrating Sample Magnetometer (VSM). As shown in Figure 4 , no hysteresis loop and no remanence were detected and the coercivity value was zero for all samples, suggesting typical superparamagnetic property at room temperature. According to VSM spectrum of the catalyst (Figure 4(b) ), it was superparamagnetic and removable from reaction medium by an external magnet.
The X-Ray Di raction (XRD) patterns of nanokaoline/BF 3 /Fe 3 O 4 are shown in Figure 5 . The thermal stability of nano-kaoline/BF 3 /Fe 3 O 4 was investigated by Thermo-Gravimetric Analysis (TGA) in the temperature range of 50-400 C (Figure 6 ). According to TGA thermograph, at 100 C, the catalyst lost 1% of its weight due to evaporation of water. This catalyst is almost stable up to 100 C and is suitable for promotion of some organic reactions bellow 100 C.
The XRF analyses of nano-kaoline/BF 3 /Fe 3 O 4 , Figure 5 . XRD 
0.1651 cm 3 g 1 . The N 2 adsorption isotherm of catalyst is depicted in Figure 7 . According to the above-mentioned data, we have proposed a structure for nano-kaoline/BF 3 /Fe 3 O 4 ( Figure 8) .
In order to determine the optimum reaction conditions and to achieve the highest yields, the reaction of benzil with 1,2-phenylenediamine was examined as a model reaction under various conditions and compared with other reported catalysts ( Table 3) .
The best reaction condition was solvent-free grinding condition at room temperature using 0.03 g of nano-kaoline/BF 3 /Fe 3 O 4 for 1 mmol of substrates. According to the obtained data in Table 3 , some catalysts such as CAN or H 3 PW 12 O 40 /MCM-41 are very fast, but they are toxic or expensive and need solvent for promotion of reaction (Table 3 , entries 8 and 9). Silica-Gel needs high temperature for quinoxaline formation, but nano-kaoline/BF 3 /Fe 3 O 4 can catalyze the reaction at room temperature in short time. Among all catalysts mentioned in Table 3 , only nano-kaoline/BF 3 /Fe 3 O 4 is magnetic catalyst with commercial kaoline source.
Finally, according to the obtained best condition, several quinoxaline derivatives were synthesized, of which the resulting data are shown in Table 4 .
All compounds were identi ed by physical and spectroscopic data (m.p., FT-IR and 1 H NMR). In FT-IR spectrum of quinoxalines, C=N stretching frequency band appeared around 1669 cm 1 . In the 1 H NMR spectra, signals around = 7:76 7:82 ppm were assigned to the protons of the aromatic rings.
The examination of nano-kaoline/BF 3 /Fe 3 O 4 reusability was also performed. After each run, hot ethanol was added to reaction medium and the catalyst was isolated by external magnet, washed with acetone, dried, and reused (Table 3 , entries 2 and 3). This catalyst was reusable, although a gradual decline in activity was observed.
The applicability of the presented method for large-scale preparations was examined. We condensed 10 mmol of 1,2-phenylenediamine and 10 mmol of benzil in the presence of 0.3 g of nano-kaoline/BF 3 /Fe 3 O 4 under grinding conditions at room temperature, which gave 2,3-diphenylquinoxaline in 95% yield. 
Conclusions
In summary, the synthesis of quinoxaline derivatives in the presence of nano-kaoline/BF 3 /Fe 3 O 4 under grinding condition has many advantages such as being solvent-free; easy work up; and good to excellent yields using non-toxic, inexpensive, and reusable catalyst.
